U.S. Patent Feb. 4, 1997 Sheet 1 of 178 5,600,672 




U.S. Patent 



Feb. 4, 1997 Sheet 2 of 178 



5,600,672 





U.S. Patent Feb. 4, 1997 



Sheet 3 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 4 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 6 of 178 5,600,672 



FIG. 6 




U.S. Patent Feb . 4 , 1997 Sheet7ofl78 5 m 672 




U.S. Patent 



Feb. 4, 1997 



Sheet 8 of 178 



5,600,672 



FIG. 8 



Q 



92 v I 


s O 
(01) 


(01) 


O : 

(11) i 


j (01) 


(11) 


85 \) * 
(11) i 




o 

(00) 




o ; 

(10) ; 


i (oo) 




(10) j 

* 


93- 


^ o 

(01) 


(00) 


O i 
(11) i 


i o 

i (01) 


(10) 


O A 
(11) | 




: O 

i (oo) 




O j 
(10) ; 


: O 
., 1 (00) 




O 
(10) 



91 



I 

.94 



U.S. Patent Feb. 4, 1997 Sheet 9 of 178 5,600,' 




U.S. Patent 



Feb. 4, 1997 Sheet 10 of 178 



5,600,672 



FIG. 10 




U.S. Patent Feb. 4, 1997 Sheet 11 of 178 5,600, 




U.S. Patent 



Feb. 4, 1997 



Sheet 12 of 178 



5,600,672 



FIG. 12 




U.S. Patent Feb. 4, 1997 Sheet 13 of 178 



5,600,672 




S. Patent 



Feb. 4, 1997 



Sheet 14 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 15 of 178 5,600,672 



FIG. 15 



B2 
6 



B2 
6 



(OD (t!L.(Q!) 



206 



182 



207 
-(00). 



•(01). 
210 



183- 



211 
(00) 



.?X]208 

:(01) 



A2 
6 



205 202 



203 
(00) 



(11)-- (01) 
209 214 



212 215 
(10)-(00) 



2 AO 

3^ 



M... 



til 



A2 
6 



(11) 
'201 

^181 

•204 
(10) 
/-91 



(01) 
.213 



184 



216 
(10) 



V 



U.S. Patent 



Feb. 4, 1997 Sheet 16 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 17 of 178 5,600, 



in 



CO 
<« 

CE- 



LT) * 



CO 



oc 

UJ 
CO 

< 



O 



CM 
CM 



-e- 



CO 



o 



o 



uj _ 

CO E= 
<rrP 



UJ 



o 



CM 
CO 
O 

O 



CM 



crp 

UJ 



CD 
CO 



OC 
UJ UJ 
CO I— 

<y= 

XX 
CO 



*o CO 

«S= CM 

CM 
C 

CO 



Xq 

•cog 



c 

CM 



O 



09= 



CM 

m 



ZD 

a. 



U.S. Patent Feb. 4, 1997 Sheet 18 of 178 5,600,672 



FIG. 18 



(<%126 



-129c q (Sin2jufct) 
b1 



ATO 



a2 



,129b 



(00) Cj-- 
127 



.129 




(%125 



0 — ATO a1 



I (COS2 7C fct) 




b2 



.129a 



f> (10) 
128 



U.S. Patent 



Feb. 4, 1997 



Sheet 19 of 178 



5,600,672 



CO 
CM 



CM 



in 

CM ' 



CM 
CO 
CM 
NT 



; in 
co 



32 



<O0C 
<SDCLL{ 

to<h-iur> 



co 



£25 

C/3 Q_ 



COS^ 

OujZj 



O 

ZGC 
h-UJ 



EC 



cc 



CC 

o 



> 5 



LU 
O 
LU 
CC 



Q 
O 

LU 
O 



CO 
CO 



co 



E£§§ 



co 
co 



cmOOO 



lu a: 
coo 

a. lu 
coy 



LU cc 

CM O 



CM 
CO 



CO 
UJUJ 

! a. co 



CO 



LU 

o 
org 
cccc 

CCD- 
<LU 
OOC 



Q_ 
2 



CM 

CM 



U.S. Patent Feb. 4, 1997 Sheet 20 of 178 5,600,672 



FIG. 20 



156 




U.S. Patent 



Feb. 4, 1997 



Sheet 21 of 178 



5,600,672 



i- 



CD 
CO 



CO 
CO 



82 



CO 



CC 

LU 

X 



m 

CO 



CM 
CO 
CM 



CC 
LU 
O 

t— CO tx 



CO 



CM 



cc 
O 

2DC 

IS 

I— UJ 



CC 
LU 
> 
LU 
O 
LU 
CC 
"O 

c 

CM 



CC 

o 



Q 
O 

LU 
Q 



CO 
CM 



O5OH 

^2Lu£ 
"qqo 



CO 
CO 



co 

CO 
CM 



CO 

CO 
CM 
L_ 



CC 
LU 
O 

OUJQC 

£i too: 



go: 



So 
gee 

Oh 

22 

LU O 
QO 



■OWgCC 
ojQQO 



LU§ 
CO S£ 

3>S 



co 



LU £ 

< H- 

XO 
O.UJ 

CM O 



CM 
CO 



CC 
LU LU 

St 

QJXX 
r Q_ CO 



co 



CC , 

yjocc 

CCCCLU 
LXQ-O 
<UJZD 
OCCQ 



co 



CL 



CM 

CO 



U.S. Patent Feb. 4, 1997 Sheet 22 of 178 5,600,672 



FIG. 22 



-92 



Or 



TH16 



B2 
B1 + B2 



..\. 



Bl 



B1 + B2 



84 



83 



TH16 = 



A2 
A1+2 



A1+A2 
TH16— 



.^91 
.-Ov85 



-Of- 86 



S1 



S2 



A1 



A1+A2 



S3 



A2 



A1+A2 



4 -SLICE LEVELS 



S4 



-Or-- 



-Or 



.94 



-o; 



U.S. Patent 



Feb. 4, 1997 



Sheet 23 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 24 of 178 

FIG. 24 



5,600,672 



-i r 313 

2-SLICE LEVEL DEMODULATION (4-PSK OR 2-VSB) 

* r3Q1 . 
1ST DATA REPRODUCTION 

♦ ^302 

REPRODUCTION OF 
MODULATED DATA 
MOD FACTOR : M 
1ST DISTANCE: A1 
2ND DISTANCE: A2 
3RD DISTANCE: A3 




r 315 

REPRODUCTION OF 1st, 2nd 
DATA STREAMS 




U.S. Patent 



Feb. 4, 1997 Sheet 25 of 178 



5,600,672 



FIG. 25(a) 



'or 



85 



83 / 



*>-Al-^A2 



F/G. 2 


5ro; 

/ 1 

0 . 

0 

/ ' 
/ ' 
/ 1 
/ I 
/ | 
/ , 
t t 

t 
1 
1 


V \ J 

A. :\ B2 

/ * * * \ 

\ / 

» **. ' "* ' * / 

1 "x/ \' * / 

\ — h— ^ 


/! fX 

— !83^' 


91 
7 85 

r\ 

I \ 

■ \ 
• \ 
I \ 
I * 
i i 
, * 

^86 \ 

\ % 
\ i 
t 

i 

i 

» 

t 






1 

1 

\ s 
\ 

t . 
\ 

\ 

\ 

\ 1 
* 1 

% 1 

\ , 
\ 1 


i 

» ^- \ / < 

& '&~93/ 

\ / : / 


\\ ^ / : 

* x ' 

> -^«J> 

\/| \ 

— --\ ; \ 

\ : ^ 


i 
i 
i 
i 
i 

i i 
t t 

>94 / 

' # 

• r 
i < 

i / 
, / 
* 

1 / 

* / 

r' 





U.S. Patent 



Feb. 4, 1997 



Sheet 26 of 178 



5,600,672 



CD 



CO 



OUT- 
PUT 




1 










MIXER 


CM 


CO 



CO 
CM 

CD 
EC 




U.S. Patent Feb. 4, 1997 Sheet 27 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 28 of 178 



5,600,672 



FIG. 28 



=n r 



X 



313 



2-SLICE LEVEL DEMODULATION (4-PSK OR 2-VSB) 



r 301 



1ST DATA REPRODUCTION 



-302 



REPRODUCTION OF 
MODULATED DATA 
MOD FACTOR :M-VALUE 
1ST DISTANCE: A1 
2ND DISTANCE A2 
3RD DISTANCE: A3 




CALCULATION OFTHRESHOLD 
BETWEEN 4-SLICE LEVELS 

A2 
A1+2 



' TH8 = TH16 = 



A1+A2 



'306 



SEND TH16 TO 4-LEVEL 

SLICEROF1st,2nd 
DISCR/DEMOD. CIRCUITS. 



307-^ 



4-SLICE LEVEL 
DEMODULATION OF MODIFIED 
8-.16-APSKOR4-VSB 



-315 



REPRODUCTION OF 1st, 2nd 
DATA STREAMS 




DEMODULATION 
OF32APSKOR 
6-VSB 



325- 



326- 



327- 



CALCULATION OF THRESHOLD 
BETWEEN 8-SLICE LEVELS 
A3 

£5±SS = THl64=Al±i 
2 A1+A2 

5fi±3Z.TH264-Al±2 

2 Al +A2 

A3 

S7 + S8 = TH364 = AUA2-2 
2 A1+A2 



SEND THRESHOLD VALUES TO 
8-LEVEL SLICER OF 1ST. 2ND 
DISCR/DEMOD. CIRCUITS. 



8-SUCE LEVEL DEMODU- 
LATION OF MODIFIED 64 APSK 
(OR 8-VSB) 



REPRODUCTION OF 1st. 2nd, 
3rd DATA STREAMS 




U.S. Patent Feb. 4, 1997 Sheet 29 of 178 



5,600,672 




COMPRESSOR 



:Ooc 

W2 



HI 



CM CO 

DIVIDER 
I 



8 



o 



INPUT b 



Orr 

>o 

CM UJ 



COMPRESSOR 

en 



CM CO 

DIVIDER 
T~ 



INPUT 



CD 
O 



o 



COMPRESSOR 

in 



UJ 



UJ 



— CM CO 

DIVIDER 



>o 

QO 

DC Z 
COW 



T 



o ^ /ill 



INPUT 
EH 



COMPRESSOR 
HI 



Ujgj 

Qq 
>o 

-rO 



■v— CM CO 

DIVIDER 



INPUT 



yiii 



U.S. Patent Feb. 4, 1997 Sheet 30 of 178 



5,600, 




U.S. Patent 



Feb. 4, 1997 



Sheet 31 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 32 of 178 5,600,672 



81 



CO 

m 







OUT- 


PUT 



CM 

m 



O 
X 



_r 



CO 

in 



M 

Xu. 

OOL 



x 

UJ 
. —J 
eg. 
UJS 

Oco 



cc 

UJ 

. —I 

XX 

Oco 



CO 

CD 



cc 

UJ 
Q 
O 

o 

UJ 

o 



> 



CM 

m 



U. S U. S U_ U. 

£ "? a. tn a. a. 



I 



cr 

UJ 

> 



CO 
CM 

in 



UJ 

> 



X 
UJ 

. -J 
xx 
UJ2 

> < 

Oco 



CM 
CM 

in 



X 

UJ 

> 



t 


X 


X UJ 


UJ Q 






to<c 




a. 



CM 
CO 

in 



X 

UJ 

> 





cc 

UJ 


s 


cr 

UJ 


3 

s. 


CC 


OVER- 
SAMPl 




OVER- 
SAMPl 




OVER- 
SAMPl 



x£ 

UJQ 

CM Q- 







in 






CD 













CO 

in 



- X 
X uj 

UJQ 

x< 

CO X 



X 
UJ 

o 



. X 
XUJ 
UJ o 

TT X 



_ _^ju - 



CM 

in 



o 

CO 

in 



CO 



O 

CM 



i ~n ■ 



U.S. Patent 



Feb. 4, 1997 Sheet 33 of 178 



5,600,672 



tn 
m 
in 




U.S. Patent Feb. 4, 1997 Sheet 34 of 178 5,600,672 



CO 

ei 

EC 



CO 



to 



CO 



CO 



o 

CO 











CO 

1 




CO 




CO 

n: 


in 
_j 




to 




LO 


^d- 
_J 




M4 




X 


CO 

—1 




M3 




CO 

□I 


—J 




M2. 




CM 

z: 


Ij 


CVJ 

o 

CO 

v. 


2 


CO 

o 

CO 


5 



Q 



CO 

Q 



U.S. Patent Feb. 4, 1997 Sheet 35 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 36 of 178 5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 37 of 178 



5,600,672 




5 



TRANSMIT 
~1 



MOD 

CM CO 



Z 1st MUX 



2nd MUX 



EL 



52 _ 3rd MUX 



LU 

CO 

< 

DC 



CO 



in 



5 INPUT 



CM 

m 



U.S. Patent Feb. 4, 1997 Sheet 38 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 39 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 40 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 41 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 43 of 178 5,600,672 



CM 

in 



DC 
LU 
_l 

en — 1 

DCQ.OZ 
<UJlDO 
OCCQU 



Z) 
Q_ 
I— 
ZD 

O 



CO 

ti- 
cs 

EC 



CO 

Ti- 
to 

SI 



CD 



DC 
LU 



6 o 

111 I— o 



in 



^1 



O 
_ I— 
XO 
OLU 

CO Q 




^3- 

CVJ 



U.S. Patent Feb. 4, 1997 



Sheet 44 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 45 of 178 



5,600,672 



XT 

in 
SI 



DC 
LU 
—J 

CCQ-OZ 

<ujr>0 

ODCQO 




CD 




>- 




<»= 


LU 


ZD 


QO 






"55 


o 



U.S. Patent 



Feb. 4, 1997 Sheet 46 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 Sheet 47 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 Sheet 48 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 49 of 178 



5,600,672 



FIG. 49 



1 I 2 



3 I 4 



•S11 



6oi s ; 2 



Dv1 



Dm 



L1 



S13 



L2 



S14 

/ 



L3 



L4 



S15 

L- 



S16 



L5 



L6 



|S21 
r 



Dv2 



Ml 



M3 



602 



611 

_L_ 



S23 



1^2 



M4 



M5 



S25 



M6 



DH2 



H1 



H4 



IS31 



Dv3 



603 



612 
L_ 

H2 



613 S , 33 



H5 



DH3 



H3 



H6 



U.S. Patent 



Feb. 4, 1997 



Sheet 50 of 178 



5,600,672 



co 
o 
to 
I s - 



CO 



CM 



O 

in 



a> 



CO 



CO 



in 



CM 
I s - 

H 



in 



o 
o 
m 
I s - 



o 
in 
I s - 



CO 



CM 



CO 



o 



CO 



CO 

o 
in 
I s - 



I s - 



co 



CM 



CO 

15 CM 

co^ 



CM 



CO 



o 
in 
I s - 



CM 

I s - 



CO 



CO 








M6 




H6-1 


CO 




CO 






in 




H5-1 


CO 




CO 






XT 




H4-1 


CO 


CO 








CO 

s 




H3-1 


CO 


CO 






CM 

2 




H2-1 


CO 




CO 










HM 


CO 




CO 







CO 



CO 



CM 

> 







CM 




CO 
1 


i 

CO 




CO 


X 




X 


CO 




CO 






CM 




CO 
■ 


i 

in 




tn 


X 




X . 


CO 




CO 






CM 




CO 
• 


i 

XT 






X 




X 


CO 




CO 






CM 




CO 
■ 


■ 

CO 




CO 


X 




X 


CO 




CO 






CM 




CO 
t 


C<l 




CM • 


X 




X 


CO 




CO 






CM 




CO 
1 


■ 






5E 




X 






CO 






1 w 


1 CO 


1 J 


CM 


CO 


HO 


> 
Q 



I 

CO 

X 
CO 



in 

X 



CO 



CO 



t 

CO 

X 



CO 



CM 
X 



CO 

x 
~co" 



CO 

X 
Q 



U.S. Patent Feb. 4, 1997 



Sheet 51 of 178 



5,600,672 



CO 



LT> 



CO 



CD 
EC 



CM 



CO 



CD 



CO 



CO 



CO 



CO 



o 

CO 



CO 



I CO I CO 







M6-1 




M6-2 


CO 






M5-1 




M5-2 


CO 


CO 






• 




M4-2 


CO 




CO 








M3-1 




M3-2 


CO 


CO 






M2-1 




M2-2 


CO 




CO 






M1-1 




M1-2 


CO 




CO 







CO 







M6-3 




H6-1 


co 




CO 






M5-3 




H5-1 


CO 


CO 






M4-3 


H4-1 


CO 


CO 








M3-3 




H3-1 


CO 


CO 








M2-3 




H2-1 


CO 




CO 






M1-3 




H1-1 


CO 




CO 







CO 



CO 



U.S. Patent Feb. 4, 1997 Sheet 52 of 178 5,600,672 




U.S. Patent 



Feb. 4, 1997 Sheet 53 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 54 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 55 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 56 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 57 of 178 



5,600,672 



FIG. 57 



721 722 723 724 

XJ U— 



00 01 



10 11 



FIG. 58 



— L- 



1^ 

721 722 



725 



-L0- 



-L— 



726 



/ J 
723 724 



U.S. Patent 



Feb. 4, 1997 



in 



< 
IE 
o 

CO 
CD 



UJ 
Q 



8 



Sheet 58 of 178 



5,600,672 



CM 
_l 
UJ 



< — ' 

o z 

— v CD 2 



o 
m 

3 
CO 



LU 

o 



< 




U.S. Patent 



Feb. 4, 1997 



Sheet 59 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 60 of 178 



5,600,672 



m <CQ CD 



GO 



3 
O 



oc 

LU 

CO 

DC 



to 
CD 



o 



o 

CO 

< 

CO 
CO 



cc 

CD UJ 

2£ 



CO 



CC 

UJ 

i 

Q. 

I 

3 



® 



CO 



OC 

ocO 
£oc 

OC LU 

< z: 
Ouj 
CD 




oc 
O 
CO 
CO 
UJ 

o 
o 
oc 
a. 



CO 



CM 







2 


< 

UJ 




< 

UJ 


cc 




cc 


h- 
cn 




J— 

CO 


<c 




< 








Q 




a 






"D 






C 






CsJ 



U.S. Patent Feb. 4, 1997 



Sheet 61 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 62 of 178 



5,600,672 



in 



CO 
LO 





m 
















< 




< 


LU 




LU 


DC 




oc 


H- 




1— 


GO 




to 


DATA 
TPUT 




DATA 
TPUT 















o 

CD 



in 



CO 

CD 



LU 
> 
LU 
O 
LU 
CC 



o 

s 

ZD 
O 

o 

LU 

Q 
CD 
CO 



o 

L2J 



O 



OC EC 
LULU 

FjOcoco 

p£ LU LU LU 
Oa>> 
LULU 



•<d- CO 




in 



CC 
LUO 
— »h- 

<_] 

So 
*8 






U.S. Patent 



Feb. 4, 1997 Sheet 63 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 64 of 178 



5,600,672 




CM ' 



o 
to 



CO 



LU 
O 



A 

CO 



^1 

X 











< 







J— LU 
O O CD 

uipz 



JO 
CO 

CD 
EC 



DC 
LU 
> 
LU 

cc 



CC CD 
LU 

Q co ^ 
O 

LU > 

Q 

O 
LU 
Q 



LULU 

>2 



CO 
CM 



X 
> 



S 



CL 
X 
LU 



CC 
LU 

= 1 

X 
LU 



coX 
m 

,s 



x 
> 

coX 



cc 

LU 

CO < 
CL 

X 



cc 

LU 
X 



DIVIDER 



O 



o 
o 



o 

LU 

CC 

r> 
o 

Q_ 



DESCRAMBLER 



CM 

w 



52 

2 



-D=3 

CM — »^ 



CC 
LU 

> 

LU 

u 



cc 
xo 

O 
CD 



s 



LU 

So 
Qui 

CC UJ 
UJO 



3 



CC JD 



1st DATA 
STREAM 


2nd DATA 
STREAM 






ANALOG TV 
FILTER 



CC 

ope 

—I fl- 



CC 

O 
i— 
a 



LU— ) 

a 



CM 

m 



2 



O 
O 



o 
cc 

UJ 



CO 
CM 
CO 



U.S. Patent Feb. 4, 1997 Sheet 65 of 178 5,600,672 



Q 
X 



CO 

to 



> 

LU 

o 

Ui 

cr 



Q 
X 




X 

UJ 

o 
o 
o 

UJ 
Q 

o 

UJ 

o 
> 



CO 
CM 
IT) 



X 
UJ 

X 
HI 



.o 
in 



o 

CM 

o 
m 



y L 



CM 

g 



§1 

UJ ID 



o 

UJO 

oz 



CO 



5£ 



"X 

-o 

X 
Q_ 

X 
CD 



uj : 

CO O 
UJ i± 
O 2 



CO 

X 

UJ ^ 
> 

UJ 

o 

UJ 
X 



X 

X o 
o 5 

Q 



CM 

m 



3 
Q_ 



CO ^ 



U.S. Patent Feb. 4, 1997 Sheet 66 of 178 



5,600 




U.S. Patent 



Feb. 4, 1997 Sheet 67 of 178 



5,600,672 




LLS 
Q 



2 — i — -i — i — i— H — ! — i — h 

lO CO CM 

CO CO CO CO CO 



CD 

< 



CO 

CO 



CO CO 




o 
-J 

II 



m 

CO 

> 

f 

CO 



CM 

CO 
CM 

CM 
CO 

„co 

CM 

^CM 
CM 

CO 
„CM 
CM 

JO 
'CM 

CO 
"CM 



o 

EC 



C30 
CO 

CD 
EC 



U.S. Patent 



Feb. 4, 1997 



Sheet 68 of 178 



5,600,672 



CO 

O 



CNJ 
O 



o 



to 



x 

UJ 

o 
o 

O 
LU 

o 

LU 

Q* 
> 



in 

o 



CO 
CO 



o 

CO 
CO 
UJ 

oc 
ex. 

o 
o 



ZD 

a. 
I— 

rSO 



CC 

o 

CO 
CO 
UJ 

x 

CL 
NO 



ac 

UJ 

o 
> 
a 



xr 

o 



CO 

xr 



0- 



ac 
o 

CO 
CO 
UJ 

oc 

X 

SO 



X 

* 

> 



cc 
o 

CO 
CO 
UJ 

cc 

Q. 

JnO 



X 



CD 



cc 
O 

CO 
CO 
UJ 
X 
Q_ 

2 

\o 



ca 
o 



X 
X 



CM 



1 


1~ 




o 




ca 




















L 




) 



X 

o 

CO 
CO 
UJ 
X 
o. 

2 

"EO 
coO 



> 



X 

o 

CO 
CO 
UJ 
X 
X 

?o 

(NO 



5 

X 



X 

o 

CO 
CO 
UJ 
X 
D- 

2 

"o 



5 
X 



X x 

uj 

o 

> 

a 



5 

X 



X 

i 

X 



> 

X 
X 



> 



5 

X 



5 

X 



X 
UJ 

o 
> 



CO 

o 



3 
X 



U.S. Patent Feb. 4, 1997 Sheet 69 of 178 5,600,672 



uu 
o 



x 

> 



> 
x 



> 



X 

> 

X 
X 



> 

X 
X 



X 

> 



X 



X X 

o o 



CO CO 



in 

CD 



CD 
EC 



O 



<r- CVJ 

X X 

o o 



CO CO 



CO 

in 

CD 



<i- CVJ 

X X 
CO CO 



7 



X3 

in 

CD 



*- CM 

X X 
CO CO 



o 
in 

CD 



X 

> 

X 
X 



X 
X 



X 



i 



LU 
Q 

> 
Q 



in 



ujO 



o 



CM 



U.S. Patent Feb. 4, 1997 Sheet 70 of 178 5,600,672 



CO 
CXI 




CD 



Q 

o 
o 

LU 

o 
o 

LU 

o 
> 

CO 



cc 




LU 


X 


2 





X 
X 

> 
n: 
X 



x 

X 



CC 
UJ 
O 

r-LU 



X 

± 
> 

X 
X 



X 
X 

X 



cc 

LU 
Q 

< 
CO LU 



CO 
CD 

in 
lo 



cc 

111 
X 



X 

> 



cc 

LU 
Q 

z 

LO LU 



X 


X 

• 

X 




>; 




X 



> 

X 
X 



< 

^LU 



X 
> 
X 



CO ^ 



o 

CO 
LO 



X 

> 



cc 

LU 

a 

J 

COLU 



CC 
LU 
Q 

-I 

c x 

OJLU 





X 


X 


X 



CVJ 



CM — 



LO 










I- 












a. 















CO 

O 



CM 

O 



CO 

O 



U.S. Patent Feb. 4, 1997 Sheet 71 of 178 



5,600, 




CD 
LL 



LU 
O 

o 
o 

LU 
Q 

O 

LU 
> 
co 



X 

o 



CO 
CM 



X 
X 
> 

C\|X 

in 



CO 
CM 



a> 
cm 



> 

C\jX 

in 



< 



X 
X 



LO 





X 


X 


o 






1- ■ 








CO 


CO 




CM 


i— CM 



CM,=f 
CM X 

to 



LU 
O 

CD UJ 



X 

> 



o> 

LO 



CC 
LU 
Q 

< 
Q_ 

m UJ 



X 
X 

> 



CVi X 
CM X 
LO 



CC 
LU 
Q 
Z 
< 

:2c 



X 

> 

X 
X 



O 
CO 

to 



3 



X 



CC 
LU 
O 

< 
CO LU 



CC 
LU 
O 



cmUJ 



X 




CNJ 



5 

■go. 



LO 






















a. 




"55 











CO 

O 



CM 

Q 



CO 

Q 



U.S. Patent 



Feb. 4, 1997 



Sheet 72 of 178 



5,600,672 



CD 























HHVH-H 














CM 




HHVL-H 






TIMING 










HLVH-H 










































HHVH 










HHVL 


ITIMINO 






HLVH 










HLVL 







CO 



cvj 



CO 



CO 



in 



CO 



CVJ 

Q 



U.S. Patent 



Feb. 4, 1997 



Sheet 73 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 



1997 Sheet 74 of 178 



5,600,672 




CVJ 

O 



5 



U.S. Patent Feb. 4, 1997 



Sheet 75 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 76 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 77 of 178 



5,600,672 



CM 

in 



CM 

in 



g2 



to 

CO 



CM t- 

X 

o 



CO 



CD 

in 
in 



UJ 
Q 
O 
O 

LU 

O 
LU 
Q 
> 

CO 



X X 
X 



> 

X 
X 



X 

> 



ccs 
CM 



CO 



X 

o 



f— CO CM 



in 

CO 



X 

o 



CO 



CO 

o 
in 



X 

UJ 
Q 

< 
CL 
X 
UJ 



CM 
CO 



o 

CO 



CM 

in 



ZD 
Q- 



O 
CO 
in 



X X 



X 

X _j ± 

> > > 

X X tj 
XXX 



CNJ 

a 



> > > > 
x x ^ ^ 

X X X X 



U.S. Patent 



Feb. 4, 1997 

t 



Sheet 78 of 178 



5,600, 



CO 
C\J 



CO 

S3 

CO 



CO 
CM 
GO 



EC 



























X 

X— - 

> o 
i 

x. 
























HHVL'H 

(1) 
























HLVH-H 
(1) 






































o 

CM 

CO 


HHVH(1 






















-O 
CM 


> 

X 
X 






















,821a j 


HLVH(1) 
























: ( m ' 


HLVL(1) 





CO 



CM 

Q 



U.S. Patent Feb. 4, 1997 Sheet 79 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 80 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 81 of 178 5,600,672 



CO 
CVJ 



to 
in 



82 



CO 

in 

CO 



cvj y- 
X 

CO 



CO 

to 
in 



CC 

LU 

X X 
^ X 



> 

X 
X 



X 

> 



X 

o 



m 

CO 



Si 

EC 



Q 
O 
O 
2! 
LU 

O 

LU 
Q 



v— CO CM 



CO 
CM 



00 



O 



CO 



CO 

o 
in 



LU 
Q 

< 

X 
LU 



O 

CO 

in 



U.S. Patent Feb. 4, 1997 Sheet 82 of 178 



5,600,672 




o o 



U.S. Patent Feb. 4, 1997 



Sheet 83 of 178 



5,600,672 




OC co 

UJ Lf> 
Q CO 

OC u 

O 

O 

UJ 

cc 



V £5 v—r 1 



lO 
CO 



CO 

CD 



LU 



o 

ujcr 
coy 

LL.LU 



>- 
<c 



■** CD I— I 7V 1 

^ gz5 J/\ 

ujz>EE 



^ to 
2 < 



CO 
XT 



So, 



cr 

LU 

o 
cr 
o 
o 

UJ 

cc 



as 

< 

Q 3 

— CL 



OC 
LU 
Q 
O 
O 

UJ 

O 
O 
UJ 



o 



cc 

LU 
Q 
O 
O 
21 
LU 

O 
LU 
Q 
> 



o 

XT 



UJQ- 
CO 

< 



OC 

ZjO 
LUO 

ccz 

»— LU 



cm H 



CC 
LU 
O 

o 
o 
2: 

LU 

o 

LU 

si 



OC 
LU 
Q 
O 
O 
Z 
LU 

o 

LU 

■gs 

CM> 



JO 
CM 

m 



QC 
O 



Q 

§ o 

S CD- 
LU 1^- 
Q 



CO 
GO 

in 

CO 



FILTER 



3 £D 

s e sr 

LU < 



OC 
LU 

r-i 



O ^ 

DC r- 

OC 
UJ 

>- 



CM 

o 



OC 
CO 

So 



JO 



OC 
LU 
Q 
O 
O 
LU 
O 

o 
o 

LU 



OC 
LU 
Q 
O 
O 
UJ 

o 
o 

UJ 
Q 

> 



CM 



<=> 
St 

wo 
< 

<c _ 

-o in 
cm 



3 
O 
OC 

o 

CD 

5= 
o 

O 



Q- 



do 
QjO 

OC LU 

o 



I 



O 

o 

LU 



Q 
O 

o 

LU 
O 

O 
LU 



CO 

m 



OC 
LU 
Q 

8 

LU 
O 

o 

LU 
cm > 



is 



U.S. Patent 



Feb. 4, 1997 



Sheet 84 of 178 



5,600,672 



CO 

Q 



CM 
■ 

CM 

Q 



GO 

CD 



CM 

Q 



CM 
t 



O 



CO 



CO 
LU 

CO 
I 

< 
o 

CO 



CO 
Q 



CO 
CM 

Q 



CM 



CM 

Q 



U.S. Patent Feb. 4, 1997 Sheet 85 of 178 



5,600,672 




L 



0 La Lb Lc Ld Le 

TRANSMISSION DISTANCE 



U.S. Patent Feb. 4, 1997 Sheet 86 of 178 



5,600,672 



CO 

CD 
EC 




CM 

CVJ 

O 



CM 
O 



CVJ 

a 



CM 


* 




CVJ 

• 


• 


CVJ 


CM 












oc 










UJ 










Q 










> 
Q 







U.S. Patent Feb. 4, 1997 Sheet 87 of 178 5,600, 



co 

CO 



CO 
CO 



5 

CL 
I- 
D 
O 



co 

















o 










DC 










LU 










X 
















CM 


■ 




CM 
i 


i 


< 

CM 


CM 









CO 
CO 



CM 
CM 

O 



CO 
CO 



CO 
CO 

CD 



cc 

LU 

> 
UJ 

o 

1X1 

cc 



CM 



Q 
O 
O 



o 
o 

UJ 



CM 

o 



8< 

Ml W 

OLU 

8§ 

ujO 
m$ 
DO 



cm 

OJ 

o 



CO 



ujO 
o uu 
OQ 
OO 
UJO 
ZX 

<2 

2x 



OJ 



CM 

5 



CO 

co 

CO 



CC 

UJ 

Q 
O 
O 
UJ 
Q 

O 
O 
UJ 



UJ 

Q UJ 

8§ 

C/>_J 



O 



> 
O 



CM 
O 



in 

CO 



CO 
CO 



cc 

UJ 

°i 
o< 

ujO 
Q UJ 

Og 
OO 
UJO 
ZX 

<2 

SX 



cc 

UJ 
Q 

> 

o 



CM 



GC 
>2 



U.S. Patent 



Feb. 4, 1997 



Sheet 88 of 178 



5,600,672 



FIG. 89 




E1 Eth E2 

ERROR RATE AFTER ERROR CORRECTION 



U.S. Patent Feb. 4, 1997 Sheet 89 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 90 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 91 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 92 of 178 



5,600,672 



cvi 

CVJ 

Q 



CO 



S3 



CM 



o 



CNJ 

Q 



CM 



X 
O 

CO 
CO 
UJ 

x 
a. 

o 
o 



X 
X 



in 
oo 



> 



JQ 
CNJ 



o 
in 
o 



CM 



X 
O 
CO 
CO 
LU 
X 

a. 
2 
O 

o 



X 
LU 
>< 

t- CM CO 



XT 
O 



in 
o 



X 
O 

CO 
CO 
LU 
X 
CL 

O 

o 



as 
in 
o 



X 
O 

CO 
CO 
UJ 
X 
X 

o 
o 



o 

CNJ 



X 

LU 

>< 

t- CNJ 



CO 



X 

> 

X 



> 

X 
X 



X 
LU 
Q 

> 



CO 
CM 



> 
x 

X 



o 
o 



X 
> 



5 



> 



5 
X 



X 
LU 
Q 

> 



X 
LU 




X 




•2 




i- CNJ 


CO 



CO 



X 


-x 




-J 


> 




> 




X 




X 




X 


X 


X 






X 








UJ 








a 








> 








Q 








c 















U.S. Patent Feb. 4, 1997 Sheet 93 of 178 



CO 
CO 



CD 
EC 



cc 

LU 
X 



cc 

LU 

X 



o 5 X ^ -I 

pill 



o 



CO 

in 



t- CM CO 

CC 
LU 

9 
> 



GO 



X 

cc 5 x 



LU 
X 



CO 

o 

LU 
Q 

> 



oc 

LU 
X 



o 



OX x 

LU > > 



_ £ >; 

XXX 



CO 



CO 

00 
m 



X 
LU 
X 



o 



O x x 

uj > > > 

o x —J ju 

Si x x 



t— CM CO 



X 
LU 
Q 

> 



CO 
CM 

in 



OC 
LU 
Q 

< 
Q_ 
X 
LU 



cvj 

c\i 



o 
CO 
CM 

in 







CO 


X 


in 


UJ 




Q 




> 







-r- CM CO 



X 
LU 
Q 
Z 
< 

a. 
x 



.a 

CO 
CM 

m 



DC 
LU 
Q 

< 

X 
LU 



CM 

• « 
CM 

O 



CM 

a 



U.S. Patent Feb. 4, 1997 Sheet 94 of 178 

FIG. 95 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 95 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 96 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 97 of 178 



FIG. 98 




L 



La Lb Lc Ld 



U.S. Patent Feb. 4, 1997 Sheet 98 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 99 of 178 



5,600,672 



FIG. 100 



84 ,101a 101 




98 




i 


y 


100 




<i....; 


....if 



99a 

86 



(5-n)S 



U.S. Patent 



Feb. 4, 1997 Sheet 100 of 178 



5,600,672 



FIG. 101 



Pe 



0.00 
-0.50 
-1.00 
-1.50 
-2.00 
-2.50 
-3.00 
-3.50 
-4.00 
-4.50 
-5.00 
-5.50 
-6.00 















































i 




\ 

\ 


905 

/ 








v. 

* * 




\ \ 
\ \ 










\ 


W \ \ 














\\\ 














~~^n — 
\' \ 














\ ' \ 
i '• \ 














— r n" 
i • \ 
» \ 




























> '• 

i: 1 














901c-J( j 
901 


900 1 ^ 


-902c 
•902b 










901a 




■902a 







0.00 10.00 20.00 30.00 40.00 50.00 C/N(d) 



U.S. Patent 



Feb. 4, 1997 Sheet 101 of 178 



5,600,672 



FIG. 102 



Pe 



0.00 
-0.50 
-1.00 
-1.50 
-2.00 
-2.50 
-3.00 
-3.50 
-4.00 
-4.50 
-5.00 
-5.50 
-6.00 















































\\\ 


\ N \ \ 




• 








\\ 


\\N \ \ 












V 

\ 


t\ \ \ ■ \ 


\ 












\\\\\ \ 


i 
\ 

\ 

-\ 












\\\\\ 
I' ll 


i \ 




























I 
\ 














-4-| 

1 I 












1 1 




■902c 








901 C 


901b J 


\902a 


-902b 










901a 


900 









0.00 



10.00 20.00 30.00 40.00 50.00 C/N 



U.S. Patent Feb. 4, 1997 Sheet 102 of 178 5,600,672 



FIG. 103 



C/N(dB) 
50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 
15.00 
10.00 

5.00 

0.00 
-5.00 





















































































10" 
10- 




X. 

\ 

\ 










10- 




=^ 




— u 












* » » ^ 








10- 














10 
10" 













































>2 D1 



0.50 1.00 1.50 2.00 

n 



2.50 



3.00 



U.S. Patent Feb. 4, 1997 Sheet 103 of 178 



5,600,672 



FIG. 104 



C/N(dB) 
50.00 
45.00 
40.00 
35.00 
30.00- 
25.00- 
20.00- 
15.00- 
10.00 
5.00 
0.00 
-5.00 




-10-3 
i0 -2 D2 
-10-1-5 



0.50 



1.00 



1.50 



n 



U.S. Patent Feb. 4, 1997 



Sheet 104 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 105 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 106 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 107 of 178 5,600,672 



FIG. 108(a) 

POWER 



NTSC 
CARRIER 



-722 



725 



COLOR 

CARRIER CARRIER 
-723 1^724 



3.58 



A£ 4.75 



-1.25 

FIG. 108(b) i i 

power : : i 

SUBCHANNEL A: L-J-j-.-OAYERA 

^ 72 ° SUBCHANNEL B (LAYER B) j j p t g 

/ ^7 27 — — | 

u 



POWER A 



POWER B 




J \ 



LAYER B 
f 



FIG. 108(c) 

C/N 

THRESHOLD 
1 

THRESHOLD.. 
2 

THRESHOLD 
3 



1,25 0.625 0 



2.25 



4.5 4.75 



6MHz 



1,721a 



7^b 4 -5dB"j' 



^4 SUBCHANNEL 2 OF A 
^ "SUBCHANNEL 1 OF A 



r.M.'/j.£ys- is*/, /yu /y.t /. 
^SUBCHANNEL 1 OF B 



FIG. 108(d) 



POWER 



POWER A 
POWER B 



LAYER A 



.801a 



LAYERS 



>80tb 



0 

^subchannel 1-k 



-subchannel 1-n- 



9 FIG. 108(e) 



C/N 



THRESHOLD 
1 

THRESHOLD 
2 

THRESHOLD 
3 



,801a 



I 



801b 



LAYER 3 

LAYER 2 

LAYER 1 
— f 



LAYER A 



— LAYER B 



^ SUBCHANNEL 2 OF B LAYER B 
M SUBCHANNEL 2 OF LAYER A* ^SUBCHANNEL 1 OF B LAYER B 



^ "subchannel 1 OF LAYER A 



LAYER 3 
LAYER 2 
LAYER 1 



5,600,672 



€0 
CO 



CO 
CO 



o 

EC 



CO 
CVJ 
CO 



cc 

CO 
CO 



i 



CO 



CO 



CO 



CO 
CO 



i 



CO 
CO 
CO 



co 

CO 
CO 



co 
in 

CO 



CO 
CO 



i 



CD 

CO 



CO 
CO 



m 

CO 



CO 



U.S. Patent 



Feb. 4, 1997 Sheet 109 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 110 of 178 



5,600,672 



FIG. 111 

SUBCHANNEL-1 (SRQAM:Dl = 2bit ) 
Q .740a 




CODEWORD 
11 11 11 11 



1 



U.S. Patent Feb. 4, 1997 Sheet 111 of 178 5,600 



FIG. 112 



SUBCHANNEL-1 (SRQAM:D1 = 2bit ) 
0 .,740a 




SUBCHANNEL-2 (16-SRQAM:D2=2bit) 
Q ^740a 



CODEWORD-1 



741a — 11 2bit 
741b ' 



SUBCHANNEL-3 (64-SRQAM:D3 = 2bit ) 

•740c 742c 





10 !:Tii 


oo ; 01 







741c 
CODEWORD-3 



11 



2bit 



SUBCHANNEL-4 (256-SRQAM:D4 = 2bit) 



Q^740d 



742d 



8bit 







10- 


r » r 
L> * 








00 








• 

1 












SIGNAL POINT 
CODEWORD 
11111111 



U.S. Patent Feb. 4, 1997 Sheet 112 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997- 



Sheet 113 of 178 



5,600,672 




in 
m 

CO 



A. 




CM 

m 

CO 



CO 
3 

5 

OC 
< 

a. 
< 

a 
< 

>• 

O 

z 

a 
oc 
o 
o 

LU 

GC 

a 

LU 



oc 
ceo 

gs 

02 



0 



CO 

m 



cc>- 

UJO 

II 



CO 
CO 

in 



OC 
LU 



OR 


o 

CO 


"OR 


















°E 








s 




o 


2 




s 



< 

LU 

oc 

SI 

a 



CO 

in 

CO 



< 
at 

go 



CVJ CO 



OC 
LU 

o 

1 

LU 

2 

> 



Q 
O 

a 

o 

s 

> 

CO 



U.S. Patent 



Feb. 4, 1997 



Sheet 114 of 178 



5,600,672 



O 
EC 




U.S. Patent 



Feb. 4, 1997 



Sheet 115 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 116 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 



Sheet 117 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 118 of 178 5,600,672 



o 

CO 



o 
o 

CO 

1^- 



o 

CO 

1^. 



CO 

o 

GO 



CO 




CO 


UJ 




CD 


Q 








CO 




o 


o 


o 




CO 




' CD 


-O 






CO 




< 


CO 


CO 




CO 




CO 




CO 



CM 
GO > 



CM 
GO v 

CM 
CO S 



CO 
CO 

LU 

CO 



CO 

UJ 



3 

LU 

CM 



CO 



4 

3 



CM 



CM 
CO 



CM 
CO 



o 

CM 
CO 



CM 

CO 



UJ 



o 



CD 



CM 

St 



CO 
CM 
CO 



CO 



CO 



CO 
CO n 



co 

CO V 

CO 
CO v 



8 


s 


63-1 


CO 

• & 


CM 
CM 
<D 


» CM 


CO 


CM 

q3 


eM 



o 

CO 



co 

CO 



CO 
CO 



CO 
CO 



o 
co 

oo , 



CO 

CO * 



O 



CD 



CM 



CM 
CO 



3 



co 

CO 
CO 



co 





CO 


CM 






Q 


Q 


Q 



CO 


CM 




Q 


Q 


Q 



40 



o 
o 



5 
o 
o 



<3 
EC 



U.S. Patent 



Feb. 4, 1997 



Sheet 119 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 120 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 121 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 122 of 178 



5,600,672 



C3 
CM 

tn 
oo 




'4. 



CONVERTER 

♦ ♦ ♦ 



IFFT 



cc 

LU 
t 



< 

cc 



cc 

LU 

a 
o 
o 

LU 

o 

LU 
O 



LLP 

a 
O 
o 

LU 

s 

> 



§8 

>o 




Is 



s? 

CM 



C5 





CC 




UJ 


o 


s 
















at 




2 




a 








I 







CONVERTER 

IZZ 



FFT 




ii 

— tn 



(LDTVJI 

(EDTVJh 

(HDTV)H 



SUMMER 



U.S. Patent 



Feb. 4, 1997 



Sheet 123 of 178 



5,600,672 




U.S. PatWlt Feb. 4, 1997 Sheet 124 of 178 5,600,672 



U.S. Patent Feb. 4, 1997 Sheet 125 of 178 



5,600,672 



10 



POWER 
794a. 



FIG. 126(a) 



801a 



802a 



801b 



794b \ 794c / /'794d 794e\J94f 




POWER 



fl f2 13 f4 f5 f6 f7 f8 f9 

fo 

^YER-1 801? J^OZb 



FIG. 126(b) 




f1 12 f3 f4 15 f6 f7 f8 f9 



SPACE OF CARRIER 



FIG. 126(c) 




POWER 

794a T :794b 794c 



FIG. 126(d) 



SPACE OF CARRIER 

, 0 801b 



L 



794d794e LAYER-2 
794f 




f1 f2 f3 f4 f5 (6 f7 f8 19 



U.S. Patent Feb. 4, 1997 



Sheet 126 of 178 



5,600,672 



CM 
CD 

n: 




U.S. Patent 



Feb. 4, 1997 



Sheet 127 of 178 



5,600,672 



FIG. 128(a) 



1 bit 
DATA 



r 744h 



TRELLIS ENCODER 
(RATIO: 1/2) 



744c> 



d 



1 bit 
DELAY 



2 bit 
DATA 



FIG. 128(d) 



r744p 



2 bit 
DATA 



TRELUS DECODER 
(RATIO: 1/2) 



1 



1 



1 bit 
DATA 



FIG. 128(b) 



2 bit 
DATA 



TRELUS ENCODER 
(RATIO: 2/3) 



2 744c 744d 



1bil 

DELAY 



1 bit 
DELAY 



r 744g 



3 bit 
DATA 



FIG. 128(e) 



3 bit 
DATA 



£744q 



TRELLIS DECODER 
(RATIO: 2/3) 



1 



2 bit 
DATA 



FIG. 128(c) 



TRELUS ENCODER 
(RATIO: 3/4) 



3bit~ 
DATA 



3 744c 



1bil -4»~ 
OELAY^*^ 



744d 
1 bit 



r 744b 



7441 3 
1 bit 



DEUYj^lDELAYtp- 



4 bit 
DATA 



FIG. 128(f) 



4 bit — 
DATA 



744r 



TRELLIS DECODER 
(RATIO: 3/4) 



"3 bit 
DATA 



U.S. Patent Feb. 4, 1997 Sheet 128 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 129 of 178 



5,600,672 



LU 



EC 




U.S. Patent Feb. 4, 1997 



Sheet 130 of 178 5,600,672 





< 
CC 
< 

< 

i 

Gl 

3 

Q 
CC 
O 
O 
tu 
CC 

o 



< 

5 



3 



o 

UjO 

11 



CD 

S 

OO 





r- O 



s 
o 



<: 

CD 
LUX 



lis 



cc 

LU 

o 

§ 

Q 

O 
UJ 

o 

<0 



CM 



est 

Q 

§ 

Q 

O 
UJ 
Q 
> 



o< 

— o 

o< 
ui2 



3 CM 

lis 



UJUJ 

II 

Till 



tr to 

8t 



CC 
CM 



GC 

zSo 

tuO 
C2 



is 

CM UJ 

AO 



S 



CO 

EC 



£3 



(LDTV)l 

(ED7V)h 

(HDTV)H 



U.S. Patent 



Feb. 4, 1997 Sheet 131 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 132 of 178 



5,600, 




CO co 






RANSMITTIN 
CIRCUIT 


UP CON- 
VERTER 




t- 







CC 

o 

I 

Q 

O 



o 



o 

CO _ 



CO 

< 
CC 



OL CO 



2 




< 








OS 




tux 





|W evil 

/ 5| 5| 



o < 
uj2 



II 



GC 
LJJ 

Q 
O 
O 



>o 

IS 



< 

LU 

CC 
J— 

CO 

< CO 

< ^ 



do 
tuo 
crz 

h-UJ 



i CO 



2| 
|S 

J- LU 



O 



CO 



C5 
EC 



II 



(HDTVH 



U.S. Patent 



Feb. 4, 1997 Sheet 133 of 178 5,600,672 




t 



U.S. Patent Feb. 4, 1997 Sheet 135 of 178 5,600,672 



tr 

UJ 

oc 

GC 

s 



eg 



v 



O o 



Q y 



o 
o 



CO 
CO 



CD 



CM 



CM 
CM 



cr 
cooc 

o 



LU 

O 

z> 
t: 

o 
< 




o o o 

XXX 
CO CO CO 
UJ UJ LU 
DC ft DC 
XXX 



U.S. Patent Feb. 4, 1997 sheet 136 of 178 5,600,67: 



Q 
LU 

5Z 

coo 



o 

LLI —J 

Si 

LU CO 



o « 




RANSMITTIN 
CIRCUIT 


UP CON- 
VERTER 




t- 






CC 
LU 
Q 
O 
O 

z 

LU 

o 

LU 

g 
> 



2| 
§8 



2| 
|§ 

^- LU 



CO 





CC 




LU 


o 


Q 




O 




O 




LU 




o 




LU 




Q 




> 








C 




CM 



CO 




INPUT 
CIRCUIT 


DOWN 
CON- 
VERTER 











S 



EC" 

ll 



> 
LU 
O 



II 



(LDTV)| 

(EDTV)|- 

(HDTV)I- 




U.S. Patent 



Feb. 4, 1997 



Sheet 137 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 138 of 178 



5,600,672 



FIG. 139 

Q 

I FIRST SHIFT FACTOR: S1 




8-PS-APSK 



U.S. Patent Feb. 4, 1997 Sheet 139 of 178 



5,600,672 



FIG. 140 

Q 



,85s 



SECOND SHIFT FACTOR: S2 ^S2r6 y((Sl+S2+1)rt), 90) 

7 * 



..S2rt) >tf(S2+1)rio, 60)\ 
* , T^- 83 : : \ 
8=45* ) \! ! 1 



■^-8 ■ ■ ; s18-fr- 



16-SP-APSK 



U.S. Patent Feb. 4, 1997 Sheet 140 of 178 



5,600,672 



FIG. 141 



Q 




U.S. Patent Feb. 4, 1997 Sheet 141 of 178 



5,600,672 



FIG. 142 



Q 




U.S. Patent 



Feb. 4, 1997 Sheet 142 of 178 



5,600, 




U.S. Patent 



Feb. 4, 1997 



Sheet 143 of 178 



5,600 




U.S. Patent 



Feb. 4, 1997 Sheet 144 of 178 



5,600,672 



FIG. 145(a) 



797a 

/ 

tga 



797b 

796a f 796b 
/ tab / 



tsa 



7 



tsb 



B 



tga 



X 



t 



tsa 



tgb 



tsb 



B 



T 



T 

810a 



810b 



810c 



81 Od 



FIG. 145(b) 



797a 

/ 

tga 




7 



/ 

tsa 



797b 

796a y 796b 



-.** ..•■•I* * • * **r«* 



/ 

tsb 



811a 



811b 811c 



tga 



tsa 




tgb 



tsb 



B 



r 



811d 



U.S. Patent Feb. 4, 1997 Sheet 145 of 178 5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 146 of 178 



5,600,672 



LU 



<£ 
X 
O 



o 

GO 



CD 
EC 



CM 



o 

GO 



UJ 

< 



I 

UJ 

< 
o 

CD 
CO 



UJ 



< 

JO 

o 

CD 

r> 
co 



c 

It 

_I 

UJ 



o 

CD 
ID 
.CO 



UJ 



< 
o 

CD 
ZD 
CO 



UJ 



< 

X 

o 

CD 
ZD 
CO 



O 
a. 



U.S. Patent 



Feb. 4, 1997 



Sheet 147 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 



Sheet 148 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 149 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 150 of 178 5,600,672 



CO 
LO 



CO 

LO 
CO 



CO 



12 

CD 
EC 



o 

CO 



CO 

.A. 



CO 
o 

CO 



A 



o 
o 



o 
to 



> 



CO 

n 

o 

LO 

II 
II 

CO 



o 

CO 



Q 
CO 



3 

CD 



A 



LO £ 

II Q 

X5 CO 



o 

CO 



> 
i — 
o 



if) 



< 

Q_ 



o 

LU 



>- 

3 

LU 
Q 



O 
CM 



LO 



o o 

<U_qcQ 

^ > 
O LU 

O 

LU 

cr 



U.S. Patent 



Feb. 4, 1997 



Sheet 151 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 



Sheet 152 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 153 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 154 of 178 



5,600 




U.S. Patent Feb. 4, 1997 Sheet 155 of 178 5,600,672 



Q 

LLI 

t < 
52 
CO O 

< w 

cc 






/rj CO 




in 


TER 






i§ 








cocc 


o 












CC 


o 

















CO 



CD 
EC 




Q 

UJ-J 

Si 

UJ CO 

cc 

— c— 



CM 



g LU 

o> 

O 
O 



jD 

m 
oo 



CC 

p 



ZD 
Q 
O 
2 

UJ 

o 



o 

CO 



o 

3 

o 
E 



COS*: 
CO <£ CO 

>OQ- 



oc 

LU 
> 

UJ 

o 



>— 
O 
UJ 
CO 

CL 



Z5 

o 

< 

UJ 
GC 
I— 
CO 

I 



CD CNJ 
ID O 



o 
o 

UJ 



s 



GC 
UJ 

Q 
O 
O 
UJ 

o 
o 

UJ 

o 
> 



CO 
CVJ 

o 



tn 



< 

UJ 

E « 



GC 

Jo 

UJO 
GC2 
h-UJ 



GC 
UJ 


JO 
CVJ 

o 


GC 
LU 


Q 




O 


O 


V- 


O 


O 




O 


UJ 




UJ 


Q 




O 


O 




o 


LU 




UJ 


VID! 




VID 


*— 




Q 


CO 




-ZL 






CVJ 



o o 
£co 



U.S. Patent 



Feb. 4, 1997 



Sheet 156 of 178 



5,600,672 



Q 
UJ 

co O 

GC 




2 5 




RTER 




1^ 




CO cc 


=r UJ 
=> > 




i c 


CON 




t— 





C3 




CO 



o 

UJ -J 

si 

UJ CO 

cc 

— Q— 



CM 



CO 
CVJ 



§8 



LU 



O: 
of 



o 
o 



§ 

o 
o 

LU 

o 



o 



Q 



cc 

UJ 

> 

UJ 

o 

UJ 

cc 



o 

LU 
CO 

\— 

Q. 
I— 

o 



CD 

to* 



cn 
m 



CO 

3 





cc 


CO 


LU 
Q 


_l 
_1 
LU 


COI 


GC LU 




CO 








in 













o 
o 

LU 



CO 
CVJ 



O 
O 

UJ 
Q 

O 
LU 
Q 
> 



CC 
UJ 

o 
o 

UJ 
Q 

o 

UJ 
Q 



U.S. Patent Feb. 4, 1997 Sheet 157 of 178 5,600,672 




U.S. Patent 



Feb. 4, 1997 



Sheet 158 of 178 



5,600,672 




CD 
CO 
> 
CO 



CD 

.CO 



CM* 



O 
CO 

CM " 

p- 



.a 

CO . 
CM ^ 

p- i 



CO 
CO 
CM ' 



1 1 
% » 



a 




i * 



a 



CM 

p^ 



-"CM 

p- 

-CM 

p*. 



* p— 
E 
\ "^f 

/ P— 

Wg 

t P*» 



PCM 

* P— 

I p— 

* P- 
\ 

l-'CM 

* P— 



, XT* 
CD 

"O 

o 

XT 



'CM 

ca 

'CM 



in 



CTi 



CD 



cd 

EC 



CD 



CD 



U.S. Patent Feb. 4, 1997 Sheet 159 of 178 5,600,672 



CO 



CO 
CD 



DC 
LU 
Q 
O 
O 

LU 
O 

o 

LJJ 



DC 
UJ 
Q 
O 
O 
UJ 
Q 

O 
O 
LU 








o 






DC 


g 


LU 




Q 


oo 


CO o 


Q 


LU 


LU 


Q 


LU 




DC 





^5- 

CO 



CD 
UZ 



5& 
CO 

UZ 



U.S. Patent 



Feb. 4, 1997 



Sheet 160 of 178 



5,600,672 



Q 
X 



m 



CD 



OUTPUT CIRCUIT 

i 



3—i 



cc 
o 

CO 
CO 
Ul 

oc 
a. 

og 



CM 
O 




rr 

52 uj 

rrjo 



o J" 



y — 1 — 1 — 1 13 



cc 

LU 

> 

UJ 

O 

LU 

CC 



cc 

il 

Z) 

, Q 

; o 

UJ 

o 

: co 

i CO 



>- 

CO 



o 
o 



in 
tn 





ERROR 
DATA 
DETECTOR 


o 





CC 

co>- 



(8) 



s 



CC 
ujo 

CQ < 

>8 



. CC 
► UJ 



CO fc 



_jCC 
LUO 

IS 

is 



Patent 



Feb. 4, 1997 



Sheet 161 of 178 



5,600,672 



CO 



CO 



o 



< ^ 

t 



ZD 
Q 
O 

CO 
<£ 
CD 
CO 
> 













CO 




CC 
UJ 




CC 
CCO 


i® 

2 






CAR 
GENE! 









1 

X 



U.S. Patent Feb. 4, 1997 Sheet 162 of 178 5,600,672 



FIG. 163 



ERROR 
PROBABILITY 



10-1 

10-2 
10-3 
10- 4 
10-5 
10" 6 



















105 


.-806 






TCM-8VSB 


1 4VSB 














i i i i 


i \ i i "i 





10 



11 12 13 14 15 16 17 18 19 2Q C /N(dB) 



U.S. Patent Feb. 4, 1997 Sheet 163 of 178 



5,600,672 



FIG. 164 



ERROR 
PROBABILITY 



10-1 



10-2 



10" 3 



10' 4 



10' 5 



10* 6 











TCM-8VSB 


UVSB 




i 


J05 


1 ^806 




805 








^805b 




1 

SUBCHA 

OFTCM- 


NNEL-1 
BVSB^ 




I i 


"^SUBCHi 
Y OFTCIV 


MNEL-2 
I-8VSB 




i t i 


', i 


1 


VI I 1 





10 



11 12 13 14 15 16 17 18 19 2Q c/N(dB) 



U.S. Patent Feb. 4, 1997 Sheet 164 of 178 5,600,672 



< 



< 



ZD 



o 





U.S. Patent Feb. 4, 1997 Sheet 165 of 178 



5,600,672 



FIG. 166 



CALCULATION OF 
ERROR CORRECTION 



J 



951a 





r 


952b 


INPUT PARITY AND DATA 






r 


952c 


CALCULATE 




SYNDROME S1 AND S2 






952d 



YES 



NO 



952e 



CALCULATE 
ERROR CORRECTION 



-952f 

ERROR \ NO 




YES 



^952g 



DATA OUTPUT 



U.S. Patent Feb. 4, 1997 Sheet 166 of 178 5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 167 of 178 



5,600,672 



CM 

O 




U.S. Patent Feb. 4, 1997 Sheet 168 of 178 



5,600,672 




U.S. Patent Feb. 4, 1997 Sheet 169 of 178 5,600,672 



is 

CO O 




Q 

UJ — i 

Si 

LU CO 

GC 



CD 




CO 



23 

~"0 



cc 

LU 



LU 



o 
o 



eg 
m 



o 

LU 



rr o 



Q 
O 



o 

CO 

=1 
E 



mm 
coco 



^ CO 



O 
LU 
CO 

5 



GO 

to 



2 

cc 

CO 

I 



in 



LU 
Q 

02 

8i 



CO 

ccg 

S ^ 
o 

UJ 

O 

9 
> 



cc 

LU 
Q 

si 

po 



CO 

m 



o 
cc 

CL 



OOco 

LUrr=CO 
Q EF UJ 



CC 

o 

cc 



CC 
UJ 
Q 
O 

°£ 

Si 
occ 

CM -J 



3 



Qoq<gop 



xcoOco 



CD" 



o 

CO 



U.S. Patent 



Feb. 4, 1997 



Sheet 170 of 178 



5,600,672 



cc 




o 

LU-J 

>< 
go 

LU CO 

cr 



ca 



SO 

co cr 



cr 

UJ 



O 
a 



C5 



LU 

CO 
< 

cr 




cc 

LU 
Q 

o 
o 

LU 

o 

LU 
Q 
> 



ca 
0 




=5 

a. 



^ Q CC 




|2 

CO 



QO 
XCO 



U.S. Patent 



Feb. 4, 1997 



Sheet 171 of 178 



5,600,672 



Q 

CO O 




<3 




Q 

LU— ! 

Si 

LU CO 

o 



CO 




V 






INPUT 
CIRCUIT, 


' UP 
CONVERTEF 





o « 

ZD 
Q 
O 



o 

CO 



E 
■o 



8BS?g 



CO 



LU 

OC 

s 



o 

qz 
o< 

8i 

LUX 



a 
x 



CO 

o 
o 



OC 
LU 
O 

po 



OC 

2 5 

HF ° 

a. —i 



oc 

LU 

§ o 

>XO 



OC 
LU 

a 
o 

2q 

occ 

ZO 

CVJ -J 



Q CD 



QOOgoog 

CO 



U.S. Patent Feb. 4, 1997 



Sheet 172 of 178 



5,600,672 






00 

p2 



g 

co < 
<oc 

LLJ 

a 



CD 
CM 
lO 
GO 



CO 

z 
o 

ZD 

a 
o 
cc 
a. 

LU 

cc 
o 

a 

Q 
CC 

o 
o 



M 



00 

m 

GO 



O 

ccn 



o 
= r> 
ceo 

<cc 
Oct 



o 

CO 

10 

CO 



.cc 

LU 



CC 

6g^ 



o 



< 

UJ 

cc 



CM 

Q 



3-o 

55 

OC 

< CO 

3 - 

e 

CM 




CO 

^8 



DER 


.0 
0 


IDER 








i 

LU 




ENC 


O 
LU 




S 


O 




0 


> 




> 


















CM 




U.S. Patent 



Feb. 4, 1997 



Sheet 173 of 178 



5,600,672 



C5 




CM 



< 

Lii 
GC 
h- 
CO 

< 

o 
h- 



< 

LU 

GC 



< 
Q 

O 

CM 



U.S. Patent 



Feb. 4, 1997 



Sheet 174 of 178 



5,600,672 



CD 




< < 

LU UJ 

EC CC 



CO 

< 



CO 

< 

o 

H- O 
CO z 

■>— CM 



< 



U.S. Patent Feb. 4, 1997 Sheet 175 of 178 



5,600,672 




U.S. Patent 



Feb. 4, 1997 Sheet 176 of 178 5,600,672 



CO -J 
CO CD 
lu oc 
cc h— 

QO 



CO 

o 



CD 
EC 



o 

CO 

o 



>-0L 
DC ZD 

oo 

LU CD 



< 



in 

CO 

o 



E co 



DC 
LU 

a 
o 
o 

LU 
Q 

CO 



LU 
DC 



CM 
CO 

o 



CO 





CO 




CO 






o 




o 






































Si 
















o 




o 




o 






E 




E 




E 


CD 




CD 




CD 


E 




E 




E 



U.S. Patent Feb. 4, 1997 Sheet 177 of 178 



5,600,672 



CO 
CM 



o 



2 
O 

o 

UJ 

o 



CO 

o 



CO 
O 



O 
CC 



in 
o 



CD 



DC 
UJ 
> 
UJ 

o? 

UJ O 





cc 




LU O 






■ 


zo 




UJ LU 


INTE 


QCI— 
UJ UJ 
U_ Q 



u_ 

u. o 
O 



CC 
LU 

m 



a 

UJ 



2 



oujy 

I — LU zd 

zcru. 



o 
o 



CO 

o 



CC 
UJ 

cc!- 

UJ z: 

O 
O 



o 



CC 

a: O 

£££ 

< U_UJ 

OOQ 



CC 

o 



CO 
O 





CC 




B 


o 


o 


< 


UJ 

1— 




UJ 




Q 



CM 



CC 

UJ 



CM 
CO 



U.S. Patent Feb. 4, 1997 Sheet 178 of 178 



5,600,672 



C5 
EC 




